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ABSTRACT 

The D.  melanogaster DNA segment in the recombinant phage XDm2Ll con- 
tains at least eight copies of a tandemly repeated 1250-base pair (bp) sequence 
(henceforth called the 2L1 sequence). Testes from XO D. melanogaster males 
contain an abundant 800-base RNA species that is homologous to a 520-bp 
region of the 2L1 sequence. Blotting experiments show that the 2L1 sequence 
is repeated in the D. melanogaster genome and is present on both the X and Y 
chromosomes. With the use of X-Y translocations, the 2L1 sequence has been 
mapped to a region between kl-1 and k1-2 on the long arm of the Y chromo- 
some. In Oregon-R wild type there are an estimated 200 copies of the 2L1 
sequence on the X chromosome and probably at least 80 copies on the Y 
chromosome. In some other strains the repetition frequency on the Y chro- 
mosome is about the same, but the copy number on the X chromosome is 
much reduced. On the basis of the five strains investigated, there is a corre- 
lation between copy number of the 2L1 sequence on the X chromosome and 
the presence of a particular allele of the Stellate locus (Ste; 1-45.7). It seems 
that low copy number corresponds to Ste+ and high copy number corresponds 
to Ste.  The Ste locus determines whether single or star-shaped crystals are 
observed in the spermatocytes of XO males. Studies using D. simulans and D. 
mauritiana DNA show that the 2L1 sequence is homologous to restriction 
fragments in male DNA but not female DNA, indicating that this sequence is 
present only on the Y chromosome in these two species. In DNA derived from 
D. erecta, D. teissieri and D. yakuba, there is very little, if any, hybridization 
with the 2L1 sequence probe. 

HE Drosophila Y chromosome is unusual in that it is required only during T spermatogenesis. One consequence of the lack of a Y chromosome is the 
appearance of needle-shaped crystals in the primary spermatocyte. These crys- 
tals occur either singly or in star-shaped aggregates depending on the X chro- 
mosome present (MEYER, HESS and BEERMAN 1961). The X-linked locus that 
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determines the appearance of single or star-shaped crystals is called Stellate 
(Ste) and maps to position 45.7 on the genetic map (HARDY 1980; HARDY et 
al. 1984). This corresponds to the region 12C-13A on the salivary chromosome 
map. 

Appearance of crystals has been correlated with deletion of a specific region 
of the Y chromosome by combining elements of X-Y translocations. (HARDY 
and KENNISON 1980). This region is just proximal to, but does not include, 
the fertility factor kZ-2 on the long arm of the Y chromosome (HARDY et al. 
1984). Because this region on the Y seems to be involved in the regulation of 
the Stellate gene, we call it the Stellate control region. 

In an unrelated study, LOVETT (1983; LOVETT, KAUFMAN and MAHOWALD 
1980) attempted to isolate cloned DNA homologous to Y-specific RNA by 
screening a Drosophila X-recombinant library with cDNA probes derived from 
either XY or XO poly A+ testis RNA. She was looking for plaques that hybrid- 
ized with XY cDNA probe but not XO probe. She found a number of plaques 
that hybridized much more strongly with the XO cDNA than with the XY 
probe. The cloned Drosophila DNA fragments in three independent plaques 
were studied in detail. All three contain a sequence that hybridizes in situ at 
bands 12F1-2 on the X chromosome, which is the region where the Ste locus 
maps. RNA homologous to the 12F1-2 sequence is 30-70 times more abundant 
in poly A+ RNA from XO testes than from XY testes. Furthermore, high 
concentrations of this RNA are found in the testes of animals carrying Y 
deficiencies that delete the Stellate control region. In fact, high levels of RNA 
homologous to the 12F1-2 sequence are exactly correlated with the appearance 
of crystals. This fact plus the cytogenetic location at 12F1-2 make it likely, 
although not proven, that the cloned fragments isolated by LOVETT are derived 
from the Ste locus. 

One of the recombinant phages isolated by LOVETT that contains the pre- 
sumptive Ste sequence is called XDm2L1. Using the technique of hybrid-se- 
lected translation, LOVETT found that the RNA homologous to hDm2Ll codes 
for a 17,000-dalton polypeptide. This 17,000-dalton polypeptide is much more 
abundant in XO testes than in XY testes. LOVETT was unable to detect RNA 
homologous to XDm2Ll in XX, XY or XO larval brain, in XX, XY or XO larval 
fat body or in 0- to 2-hr-old embryos. 

This report describes a more detailed analysis of the sequence organization 
of XDm2L1. Mapping of restriction sites indicates the presence of a tandemly 
repeated sequence in XDm2Ll. RNA blotting and SI protection experiments 
show that this tandemly repeated sequence is homologous to testis RNA. The 
genomic repetition frequency and distribution of this tandem repeat have been 
analyzed for a number of D. melanogaster strains and a number of Drosophila 
species. The results suggest that this sequence is involved in the appearance of 
crystals in XO spermatocytes and in determining the morphology of the crys- 
tals. The remarkable finding is that fragments homologous to the XDm2Ll 
tandem repeat are present at or near the Stellate control region on the Y 
chromosome. Furthermore, the species distribution of this sequence indicates 
that it appeared recently in the evolution of the melanogaster species group. 
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MATERIALS AND METHODS 

DNA and RNA: Standard procedures were followed for isolation of phage and plasmid DNA, 
electrophoresis of DNA in agarose and acrylamide gels, electrophoresis of glyoxal-treated RNA in 
agarose gel, blotting of DNA and RNA onto nitrocellulose, preparation of nick-translated DNA 
probes and subcloning into pBR322 vector (MANIATIS, FRITSCH and SAMBROOK 1982). Restriction 
enzymes were acquired from New England Biolabs or Bethesda Research Laboratories and used 
according to their assay conditions. Large-scale preparation of Drosophila DNA from frozen adults 
was performed as described by BINGHAM, LEVIS and RUBIN (1981). To isolate DNA from a small 
number of adult flies, four females or six males were homogenized in 0.1 ml of 0.5% SDS/0.08 
M NaCI/O.16 M sucrose/0.06 M EDTA/O.I2 M Tris-HCI, pH 9, and incubated at 65" for 30 min. 
Potassium acetate (14 pl of a 8 M stock) was added, and the homogenate was incubated on ice for 
30 min. Debris and precipitated SDS and protein were removed by IO-min centrifugation in a 
microcentrifuge. Nucleic acid was collected from the supernatant by adding 0.2 ml of ethanol, 
incubating 2 min at room temperature and centrifuging for 5 min. The pellet was washed two 
times with cold 70% ethanol, dried and dissolved in 40 pl of restriction enzyme buffer. T o  prepare 
testis RNA, 50 pairs of adult testes were hand dissected and placed in 0.1 ml of Hoyle's medium. 
After the addition of 0.9 ml of 0.1 M NaCI/O.l M Tris base/0.03 M Nag EDTA/I% Sarkosyl, the 
testes were homogenized and then extracted two times with phenol/chloroform/isoamyl alcohol 
(50:49:1). The RNA in the aqueous layer was precipitated by adding 2.5 ml of ethanol and stored 
at -20". St protection experiments were performed as described by HOLMGREN et al. (1979). For 
DNA and RNA blots, the standard hybridization conditions were 50% formamide (Fluka)/4XSSPE/ 
1% Sarkosyl overnight at 42". (IXSSPE is 0.18 M NaCI/lO mM NaH2PO4, pH 7.4/1 mM EDTA.) 
After four 30-min washes with O.lXSSPE/O.l% SDS at 50", filters were dried and autoradi- 
ographed using Kodak AR film and Du Pont Lightning Plus intensifying screens. For lower 
stringency hybridization, both hybridization and washing were performed in 35% formamide/ 
4XSSPE/l% Sarkosyl at 42". Except where noted, all probes are DNA labeled with '*P by nick 
translation. For subcloning, DNA fragments were isolated from agarose gels using NA45 DEAE 
membrane filter (Schleicher & Schuell) as described by KEMP et al. (1983) except fragments were 
eluted in 1 M NaC1/0.02 M Tris-HCI, pH 8/1 mM EDTA. Construction of subclones using the 
M 13mp8 vector and isolation of M 13 phage DNA were performed as described in the applications 
manual available from New England Biolabs. Synthesis of S2P-labeled M 13 probe was performed 
as described by Hu and MESSING (1982). 

Drosophila strains: Most of the D. melanogaster strains are described by HARDY et al. (1 984). 
Strains of D. mauritiana, D .  erecta, D. teissieri and D.  yakuba, members of the melanogaster species 
group, were obtained from C. LANGLEY; the Cranston wild-type strain of D. melanogaster from M. 
KIDWELL; D. simulans, w" from M. GILPIN and D. simulans, y w from the Cal Tech Stock Center. 
Crosses to generate simulans-melanogaster hybrids were performed at 18" and involved D. melan- 
ogaster C(l)RM, y su(w") wa/Y or YDXp virgins and y w males of D. simulans. The only flies surviving 
from this D. melanogaster X D. simulans cross are hybrid males carrying an X of D. simulans 
derivation and a Y or Y derivative from D. melanogaster. 

RESULTS 

XDm2Ll contains tandem repeats: Initial attempts to construct a restriction 
map of XDm2L1 proved difficult because the Drosophila DNA insert in 
XDm2Ll is not cleaved by BamH1, EcoRI, HindIII, KpnI, PstI, SaZI, SmaI and 
Xho I. These enzymes have a nondegenerate 6-base recognition sequence. 
Therefore, enzymes with less stringent recognition sequences were tried. Fig- 
ure 1 shows XDm2L1 digested with various restriction endonucleases and dis- 
played on an agarose gel. For each enzyme there is at least one fragment that 
stains more intensely with ethidium bromide than other fragments of similar 
size. Three enzymes (HincII, NciI and ThaI) produce intensely staining frag- 
ments of the same size, namely, 1250 base pairs (bp). The simplest interpre- 
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FIGURE I.-Restriction digests of X1)ni'Ll.I electrophoresed in a 1.5% agarose gel and stained 
with ethidium bromide. C/o1 is an isoschizomer of Hhol .  Also shown is a SouSA digest of the subclone 
2LI.  I ,  showing that this plasmid contains the 800-bp SauSA fragment repeated in XDm2LI. Sizes 
were determined by comparison with tpX 174 Haell I fragments run in a parallel lane. 

RNA 

FIGURE 2.-Restriction map of one  1250-bp tandem repeat unit of XDm2LI. T h e  map k * n s  
arbitrarily at a SouSA site. T h e  line marked RNA indicates the segment of DNA that is protected 
from SI nuclease digestion by hybridization with XO testes RNA. T h e  bracket marked 2LI .  1 denotes 
the 800-bp SauJA fragment subcloned in the plasmid 2L1.1. 

tation is that XDm2Ll contains a sequence that is tandemly repeated with a 
repeat length of 1250 bp. Figure 2 is a restriction map of one repeating unit 
arbitrarily beginning a t  one  of the SauSA sites. T h e  map is based on the sizes 
of intensely staining fragments of double digests as determined on agarose and 
polyacrylamide gels. Subclone 2L1.1 shown in Figures 1 and 2 was constructed 
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FIGURE S.-Hybridi7Aon of 2LI . I  to restriction digests of XDm2Ll. For each of the indicated 

restriction enzymes, I00 ng of ADm2L I was digested. electrophoresed in a 1.2% agarose gel. blotted 
and hybridized with 21.1.1 DNA probe. Sizes were determined by comparison with 6x174 HmIII 
standard. Longer exposure shows very minor bands at approximately 850 bp in the SouJA digest. 
IS00 bp in the Hincll digest and 500 bp in the Thal digest. Subsequent analysis indicates that thesc 
very minor bands correspond to junction fragments that contain a small portion of the tandem repeat 
attached to A-sequence. The existence of these very minor bands does not alter the analysis presented 
in  the text. 

by inserting the 800-bp Sau3A fragment of the repeat into the BamHI site of 
pRR922. 

Figure 9 shows SauSA, HincII and ThaI digests of XDm2Ll electrophoresed 
in an agarose gel, transferred to nitrocellulose and hybridized with '*P-labeled 
2L l . l  DNA. Nearly all of the homology between 2Ll . l  and the SouSA digest 
of XDm2Ll is confined to a 800-bp fragment. This indicates that essentially 
all of the 2LI . l  sequence on XDm2Ll occurs as intact 800-bp units. For both 
the HincII and ThaI digests, 2L1.1 hybridizes predominantly to a 1250-bp 
fragment plus one  additional fragment, indicating that the 2L1.1 sequence 
occurs as part of a tandemly repeated sequence of repeat length 1250 bp. T h e  
additional fragment found with HincII or ThI is an end fragment of the 
tandem array. T h e  simplest explanation for finding only one end fragment is 
that the tandem array inserted in XDm2Ll is not interrupted by other se- 
quences. Since the end fragment is present once per tandem array, the relative 
intensity of the 1250-bp fragment and the end fragment is a measure of the 
number of repeat units present on XDm2Ll. For HincII, the ratio of intensities 
of 1250-bp fragment to 950-bp fragment is approximately 7.3:l; for ThI, the 
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FIGURE 4.-RNA blots showing testis RNA homologous to 2L1.1 and XI)ni21.1. Total RNA 
was isolated from the testes of y wo S t e / D p ( l ; f )  L.9 males. [Dp(l;Jl LJ9 is described in HARDY et al. 
(1984)l. For each blot. approximately 10 pg of RNA were denatured with glyoxal and dimethyl 
sirlfnxide, electrophoresed in a 1.5% agarose gel at 4’. blotted and hybridized with either 2 L l . l  or  
XDm21~1 probes. To provide sile markers, I ng of a SauSA digest of 21.1.1 DNA was denatured 
with glyoxal and dimethyl sulfoxide and run in a parallel lane. 

ratio of 1250-bp fragment to 1450-bp fragment is approximately 6.5: 1 .  This 
indicates that there are  probably at least eight repeat units in XDm21,I. This 
number is a lower estimate because it is difficult to arrange an autoradi- 
ographic exposure where the end fragment has a measurable intensity and the 
intensity of the 1250-bp fragment is still in the linear response range of the 
film. 

2Lf.f  sequence is homologous to testis RNA: Total testis RNA from XO flies 
was treated with glyoxal, electrophoresed in an agarose gel, transferred to 
nitrocellulose and hybridized with 21,l.I or XDm21,I probe. Figure 4 shows 
that 21,I.l is homologous to an 800-base RNA. When XDn121.1 is used as 
probe, no additional homologous RNA species are  found in X O  testes R N A .  
‘This finding, together with the work of LOVFXT ( 1  983). shows that R N A  



DROSOPHILA SPERMATOGENESIS GENE 61 7 

a SI PROTECTION OF XDm2Ll 

3 Uncut Hoe IT Cfo I Msp I 
M 

Z n  n n n 

+ I  + I  

-520 b 
-300 b 
-180 b 

PROBE: 2L1.1 
FIGURE 5.-& protection of XDm2LI DNA by XO testis RNA. For each +RNA lane, approxi- 

mately 4 rg of total testis RNA isolated from y w' S&/Dp(l;l) L.9 males were hybridized to 25 ng of 
XDm2LI DNA under conditions that allow RNA-DNA, but not DNA-DNA, hybridization. The 
XDm2LI DNA was either undigested or digested with the indicated restriction enzyme before the 
hybridi~ation. The -RNA samples were identical except that the testis RNA was replaced with HnO. 
Following hybridi7ation. the nucleic acid samples were treated with SI nuclease, electrophoresed in 
a 1.1 % alkaline agarose gel. blotted and hybridized with 2L1. I probe. To provide size markers, 0.5 
ng of 2L1. I DNA digested with SauSA was run in a parallel lane. These 2L1.1 SauSA fragments can 
be seen more clearly in a less intense autoradiogram. 

homologous to the 2Ll.l repeat sequence is produced in great abundance in 
XO testes. The  800-base RNA is sufficiently long to code for the 17,000dalton 
protein identified by LOVEIT. So far, attempts to analyze XY testes RNA ho- 
mologous to 2L1.1 have not been consistently successful. More sensitive assay 
methods using either poly A+-selected RNA or single-stranded probe will be 
required to study the RNA species in XY testes. It should be noted that when 
LOVEIT used XDm2Ll to select messages from XO and XY testes, both types 
of message produced a 17,000dalton polypeptide when translated in vitro. 

SI protection studies were performed in order to map regions of RNA 
homology on XDm2Ll. Total RNA from XO testes was hybridized to various 
restriction digests of XDm2LI and then digested with SI nuclease. The pro- 
tected single-strand DNA fragments were electrophoresed in alkaline agarose 
gels, transferred to nitrocellulose and probed with 32P-labeled 2Ll.l  or 
XDm2Ll DNA. Figure 5 shows representative results using 2Ll.l  as probe. 
R N A  from XU testes protects predominantly a 520-bp fragment of undigested 
XDm2Ll. When XDm2Ll is first digested with MspI, CfoI or HueII, smaller 
protected fragments are observed. Based on the sizes of these smaller frag- 
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ments, the 520-bp RNA-homologous region can be placed on the restriction 
map as shown in Figure 2. There are two minor protected fragments observed 
in the Uncut/+RNA sample. This type of minor band has not been observed 
in samples in which the DNA was first digested with a restriction enzyme, even 
at longer autoradiographic exposures. Also, the appearance and intensity of 
these minor bands varied in different experiments. Therefore, the appearance 
of minor bands might be an artifact caused by using undigested DNA contain- 
ing a number of contiguous repeats. Another explanation is that these bands 
are due to minor RNA species transcribed from slightly divergent sequences. 

The discrepancy between the size of the RNA (800 bases) and the size of 
the RNA-protected fragment (520 bp) seems too large to be due entirely to 
the presence of 3'-poly A on the RNA. This suggests that there may be an 
intervening sequence or sequences in the primary transcript. The failure to 
see additional RNA-protected fragments may be due to the fact that these 
fragments are too small to bind efficiently to nitrocellulose through the hy- 
bridization process. Another possibility is that part of the transcript derives 
from genomic sequences outside the segment cloned in XDm2Ll. 

Drosophila genome contains repeated sequences homologous to XDm2Ll and 
2 L l . l :  Figure 6 shows blots of restriction digests of male and female adult 
Drosophila DNA from an Oregon-R strain hybridized with "P-labeled 2L 1.1 
or XDm2Ll DNA. These results illustrate three main points. First, the intensity 
of labeling indicates that the 2Ll.l  sequence is moderately repeated in the 
Drosophila genome. Second, there are 2L1. I-homologous fragments that are 
found only in male DNA indicating that these fragments are on the Y chro- 
mosome. Finally, there is very little difference in the hybridization patterns 
observed when 2Ll . l  or XDm2Ll is used as probe. This indicates that the 
only moderately repeated sequence on XDm2Ll is the tandem repeat that 
contains the 2L1.1 sequence. There could be additional sequences on XDm2L1 
that are unique or repeated only a few times in the Drosophila genome. 

The degree of repetition of the 2Ll.l  sequence was estimated by the ge- 
nome reconstruction experiment shown in Figure 7. Various amounts of 2Ll. l  
plasmid DNA were mixed with salmon sperm DNA, digested with Sau3A and 
electrophoresed next to Sau3A digests of male and female Drosophila DNA. 
The DNA fragments were blotted onto nitrocellulose and hybridized with "P- 
labeled 2L1.1 DNA. The resulting autoradiogram is shown in Figure 7. The 
intensity of labeling of the 800-bp fragment in each lane was measured by 
scanning the bands with a Joyce-Loebl densitometer. A standard curve relating 
intensity of labeling to amount of DNA was constructed using the data from 
the 2Ll.l  lanes. With the use of this standard curve, the amount of DNA in 
the Drosophila bands was calculated and the repetition frequency of the 2L1.1 
sequence in the Drosophila genome was estimated. The intensity of the 800- 
bp fragment in the female Drosophila sample indicates that the 2L 1.1 sequence 
is repeated about 200 times per haploid genome. Figure 7 shows Sau3A frag- 
ments at approximately 1370 and 1150 bp that are found only in male Dro- 
sophila DNA indicating that these fragments derive from the Y chromosome. 
The intensities of these Y-specific fragments are again compared with the in- 
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FIGURE 6.--D. melanogaster Oregon-R DNA fragments homologous to  2L1.1 and XDm2Ll. For 

each lane, 2 pg of D. mclanogaster Oregon-R male or female DNA were digested with the indicated 
restriction enzyme, electrophoresed in a I .4% agarose gel, blotted and hybridized with 2L1.1 probe. 
Large-scale preparations of Drosophila DNA were used. T h e  2Ll.l  lane contains 1 ng of 2Ll . l  
DNA digested with Sau3A. After the a u t o r a d i o p m  shown on the left was obtained, the ’*P-labeled 
2L l .  1 probe was removed by two 2-min washes in 0. I M NaOH and three 1 O-min washes in 1 XSSPE. 
T h e  filter was then hybridized with XDm2Ll probe. T h e  resulting autoradiogram is shown on the 
right. T h e  loss of the 1374- and 665-bp bands in the 2Ll . l  lane shows that the 2Ll . l  probe was 
indeed removed. Sizes shown were determined by comparison with the 2L1.1 Sau3A fragments. 

tensities of the 800-bp fragment in the 2Ll . l  lanes. T h e  comparison indicates 
that the 2Ll . l  sequence is repeated at  least 80 times on the Y chromosome. 
This calculation takes into account that there is only one Y chromosome per 
diploid complement. This repetition frequency is a lower estimate because it 
is not known whether the Y-specific fragments are completely homologous to 
the 800-bp insert of 2L1.1. 

The 2L1. I sequence maps to a particular region of the Y chromosome: KENNISON 
(1 98 1) isolated X-Y translocations with X breakpoints in the heterochromatin 
and Y breakpoints distributed along the length of the Y. These translocations 
subdivide the Y into seven segments as shown diagrammatically in Figure 8. 
Segments A, B, C, D, F and G each contain one fertility factor, and segment 
E contains the Y centromere. Translocation-bearing males were crossed to y w 
f females producing sons of genotype PXp/y w f and daughters of genotype 
X”F/y w f .  DNA prepared from these sons and daughters was digested with 
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FIGURE 7.-Reconstruction experiment to  estimate repetition frequency of 2LI .  I sequence in D. 

mefanogaster Oregon-R genome. T h e  following amounts of 2L l . l  DNA were mixed with 2 pg of 
salmon sperm DNA and digested with SauSA: 60  pg ( I  X). 300 pg (5X). 1.2 ng  (20X). 6 ng ( 1 0 0 ~ )  
and 15 ng  (250x). T h e  amounts of 2L1.1 DNA were calculated to  correspond to repetition 
frequencies per haploid genome of I X, 5X. etc., in 2 rg of D. melanogasfer DNA. T h e  calculations 
assume that the sequence complexity of the D. mefanogaster genome is 1.65 X 10’ bp (SPRALDING 
and RURIN 198 I )  and the complexity of 2L1. I is 5.1 X 10’ bp. Also. 2 pg of D. melanogaster Oregon- 
R male and female DNA from large-scale preparations were digested with Sau3A. T h e  SauSA digests 
were electrophoresed in a 1.2% agarose gel. blotted and hybridized with 2L1. I probe. T h e  1374- 
and 800-bp Sau3A fragments of 2L 1.1 are indicated; the size of the I 150-bp fragment was determined 
by interpolation. T h e  1374-bp Sau3A fragment is derived from the pBR322 portion of 2LI .  I .  It is 
coincidental that a male-specific Drosophila fragment c o m i p t e s  with the 1374-bp fragment of 
2L l . l .  

CfoI. electrophoresed, blotted onto nitrocellulose and hybridized with ”P-la- 
beled 2Ll . l  DNA. T h e  results for T(Xh;Y)s G24, V24, W27,  E15 and F12 are  
shown in Figure 9. Comparison of the y wf/@Yy+ male DNA and y w f female 
DNA digested with CfoI shows that the major Y-specific fragment homologous 
to 2Ll . l  is a t  800 bp. For T(Xh;Y) G24, V24 and W27, the homology a t  800 
bp is associated with the X ” P  element of the translocation indicating that these 
800-bp fragments a re  proximal to the translocation breakpoint. For T(Xh;Y) 
E15 and F12, the 800-bp fragments a re  found on the p X p  elements. There- 
fore, the 800-bp fragments homologous to 2Ll . l  map between the W27 and 
E15 breakpoints on the Y chromosome. There  are  minor Y-specific fragments 
a t  higher molecular weight that also map between the W27 and E15 break- 
points. Therefore,  most, if not all, of the 2L l . l  sequences on the Y chromo- 
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FIGURE 8.-Schematic representation of Y chromosome breakpoints of T(Xh, Y)'s. Horizontal lines 
represent the Y and diagonal lines the X chromosome; heavy lines, heterochromatin; thin lines, 
euchromatin. Open circles, Y centromeres; closed circles, X centromeres. Triangles, bb locus on the 
Y; squares, bb locus on the X .  

some are found in segment C, which is the segment containing fertility factor 

Including E15,  KENNISON isolated nine fertile translocations broken between 
k l - 2  and k1-I .  With respect to 2Ll . l  or XDm2Ll sequence, most of these 
translocations give the same results as E15, but T(Xh;Y) P7 and E l  are different. 
These results are shown in Figure 10. For T(Xh;y) P7,  most of the Y-specific 
homology to XDm2Ll is found on the XDF element, but there is some on the 
PX' element. For T(Xh;Y) El,  most homology is on PXp, but there is some 
on XDp. This shows that P7 and E l  are broken within the region of the Y 
chromosome that contains the XDm2L 1 sequence. The order of translocation 
breakpoints, from distal to proximal, must be P7-El-EI5. Furthermore, 
since P7 is broken proximal to RI-2, most of the XDm2Ll sequence must also 

k l - 2 .  



622 K. J. LIVAK 

+ 

1374 bp- 

800 bp-4 

665 bp-4 

PROBE: 2Ll.l 
FIGURE g.-hfapping of 2L I .  I-homologous fragments relative to breakpoints of T(Xh, 9’s broken 

in the long arm of the Y chromosome. T h e  details of this experiment a re  described in the text. T h e  
2LI.I  lane contains 0.5 ng of 2Ll. l  DNA digested with SauSA. T h e  Drosophila DNA used in the 
other lanes was isolated from six males or four females and was digested with Cfol. (3-24. V-24. W- 
27, E-15. F-12 refer to the translocations diagrammed in Figure 8. T h e  DNA in the YD lanes was 
prepared from y w f/Y”X‘ males; the DNA in the Yp lanes was prepared from y w f/X”Y‘ females. A 
1.4% agarose gel was used in this experiment. T h e  sizes of the three largest SouSA fragments of 
21-1 . I  a re  indicated. 

be proximal to k1-2. T h e  distribution of XDm2LI-homologous fragments in 
T(Xh;Y) N29 is very similar to the pattern observed with T(Xh;Y) E l  (data not 
shown). 

Different strains contain different amounts of XDm2LI sequence: Comparison of 
the Cy01 digests in Figures 6 and 9 shows an interesting point. In the Oregon- 
R DNA in Figure 6, the band at  950 bp is more intense than the Y-specific 
800-bp band. In the y w f/RFYy+ DNA in Figure 9, the Y-specific fragment is 
much more intense than the 950-bp fragment. This suggests that there are  
large strain variations in the amount of DNA homologous to 2 L l . l  or 
XDm2LI. Figure 1 1  compares male and female DNA from five different 
strains. Because the DNA samples analyzed in Figure 1 1  were isolated from 
either four female flies or six male flies, the exact quantity of DNA loaded in 
each lane is not known. T h e  intensity of staining with ethidium bromide was 
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PROBE: XDm2L1 
FIGURE 10.-Mapping of XDm2L1-homologous fragments relative to breakpoints of T(Xh, vs 

broken at  or near the Stellate control region on the Y chromosome. This experiment was performed 
as described in the legend of Figure 9 except that T(Xh, U) P7. E l  and E I S  were used, and the probe 
was XDm2LI. Sizes indicated were determined by comparison with the SauSA fragments of 2L1. I .  

o b c d e  o b c d e  

- 1150 bp 
-950 bp 
-800 bp 

PROBE: XDm2Ll 
FIGURE I 1 .--XDm2LI-homologous Cfol fragments in different strains of D. melanogasfer. T h e  D. 

melanogasfer strains used in this experiment were (a) Oregon-R; (b) y W* Sfe/BsYy+; (c) gz Sfe+ sdf /BSY; 
(d) y wf /BSYy+;  and (e) Cranston. DNA from four females or six males was isolated, digested with 
CyoI, electrophoresed in a 1.4% agarose gel. blotted and hybridized with XDm2LI probe. T h e  sizes 
indicated were determined by coniparisori with Sau3A fragments of 2LI .  I .  

approximately the same in each lane, but this i s  not an accurate measure. The 
ambiguity in amount of DNA loaded means that the abundance of XDm2Ll 
sequence in different strains can only be compared qualitatively. Despite this 
caveat, there are obvious differences among the strains, and these differences 
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have been observed in more than one experiment. Oregon-R and y w" Ste flies 
contain large amounts of the 950-bp CfoI fragment homologous to XDm2L1, 
but g2 Ste+ sd f flies apparently have none of this fragment. Cranston and y w 
f flies contain some 950-bp fragments, but certainly much less than Oregon-R 
and y wa Ste flies. This variation in copy number is also indicated by comparing 
the intensity of the 950-bp band with the intensity of the 1150-bp band in the 
same DNA sample. Oregon-R and y W" Ste flies contain a higher copy number 
of the 950-bp CfoI fragment relative to the 1150-bp fragment than do g2  Ste' 
sd f, y w f or Cranston flies. This comparison is not affected by the possibility 
of variable DNA recovery in different samples. As XO males, Oregon-R and y 
W" Ste flies have star-shaped crystals in their spermatocytes; g 2  Ste+ sd f, y w f 
and Cranston flies have needle-shaped crystals. Thus, there is a correlation 
between amount of DNA homologous to XDm2Ll and crystal morphology. 
The amount of 1150-bp CfoI fragment homologous to XDm2Ll does not vary 
as greatly among the strains as does the 950-bp CfoI fragment. Also, the male- 
specific 800-bp fragment does not show much strain variation. Perhaps the 
amount of 800-bp fragment is somewhat lower in g2 Ste+ sd f/@Y males and 
somewhat higher in Cranston wild-type males as compared with the other three 
strains. It is not known whether this variation reflects differences in copy 
number or differences in DNA recovery during individual isolations. Different 
Y chromosomes certainly show much less variation in the amount of XDm2Ll 
sequence than do different X chromosomes. 

The XDm2Ll sequence is present in some closely related species: Figure 12 (a 
and b) compares male and female DNA from D. melanogaster and D. simulans 
digested with CfoI and hybridized with 2Ll.l  and XDm2L1 probes, respec- 
tively. There is no apparent homology between D. simulans DNA and 2Ll.l .  
This same result obtains even when hybridization with 2Ll.l  and washing is 
done at lower stringency (data not shown). On the other hand, XDm2Ll hy- 
bridizes with a number of D. simulans DNA fragments but only in DNA 
derived from male flies. In Figure 12c, the probe is a 1250-bp HincII fragment 
that contains an entire repeat unit of the tandem repeat present in XDm2Ll. 
The same male-specific D. simulans DNA fragments hybridize with the 1250- 
bp HincII fragment as with the entire XDm2Ll probe. Thus, D. simulans does 
contain sequences homologous to the tandem repeat of XDm2Ll. The region 
of homology is outside the portion of the tandem repeat contained in the 
2Ll.l  subclone. The XDm2L1-homologous fragments are found only in male 
D. simulans DNA, indicating that those sequences are on the Y chromosome. 

Figure 13 shows DNA from other species closely related to D. melanogaster 
hybridized with XDm2Ll probe. The hybridization and washing were per- 
formed at lower stringency to identify sequences that may have diverged from 
the D. melanogaster sequence. Two strains of D. simulans have an identical 
pattern of CfoI fragments homologous to XDm2Ll. D. maurztiana also contains 
a number of CfoI fragments homologous to XDm2L1, but the sizes of these 
fragments are different than the sizes in D. simulans or D. melanogaster. For 
the most part, sequences homologous to XDm2Ll in D. simulans and D. maur- 
itiana are restricted to the Y chromosome. D. simulans and D. mauritiana are 
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FIGURE 12.-Comparison of 2L1.1- and XDm2LI-homologous fragments in D. melanogaster and 
D. simulans. For each lane, 1 ~g of male or female DNA from either D. melanogastet Oregon-R (mel) 
or D. simulans w' (sim) was digested with CfoI, electrophoresed in a 1.2% aprose gel, blotted and 
hybridized with (a) 2Ll.1, (b) XDm2L1, or (c) 2L1 Hincll 1250/mp8 probes. Drosophila DNA from 
large-scale preparations was used. The 2Ll.l and XDm2LI probes were labeled with '*P by nick 
translation. The probe in (c) is a subclone containing the 1250-bp HinclI repeat fragment from 
XDm2LI inserted at the Hincll site of M13mp8. The M13 probe in (c) was labeled with '*P as 
described by Hu and MESING (1982). The blots shown in (a) and (b) are actually the same blot. The 
filter was first hybridized with the 2L1.1 probe; then this probe wi?s removed as described in the 
legend of Figure 6, and the filter was hybridized with the XDm2LI probe. The indicated sizes are 
taken from the sizes of fragments determined in Figure 6. Ethidium bromide staining of the original 
gels showed that all lanes contain comparable amounts of DNA including those lanes that exhibit no 
appreciable hybridization. Even when hybridized and washed at lower stringencies. 2L1.1 probe does 
not hybridize to D. simulans DNA. 

the species most closely related to D. melanogaster. D. erecta, D. teissieri and D. 
yakuba are  part of the melanogaster subgroup but are  more distantly related 
(THROCKMORTON 1975). Figure 13 shows that DNA from these three species 
has little homology to XDm2Ll when hybridized a t  this stringency. 

There is no autosomal homology to 2L1.1 in D. melanogaster: D. melanogaster 
and D. simulans mate and produce sterile hybrid progeny. D. melanogaster 
C(l)RM/Y females were crossed with D. simulans males to produce sons con- 
taining the simulans X chromosome, the melanogaster Y chromosome and au- 
tosomes from both species. Also, D. simulans males were crossed with D. me- 
lanogaster C(l)RM/Y"X", where Y"X" is the Y-distal element from one of the 
T(Xh;Y)'s analyzed in Figure 9. Crosses with G24 and W27 distal element 
produced simulans X/Y"X' sons, but crosses involving the V24 ,  E 1 5  and F12 
distal elements produced no  progeny. Figure 14 shows DNA from simulans X /  
melanogaster Y and simulans X /G24  or W27 Y"Xp flies hybridized with 2Ll . l  
probe a t  high stringency. N o  hybridiiation is observed with simulans X /G24  
Y"X' DNA, even though ethidium bromide staining showed that there was 
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PROBE: XDm 2L1 

FIGURE 1 S.--Survey of XDm2Ll-homologous CfoI fragments in Drosophila species of the mrlan- 
ogasUr subgroup. DNA was isolated from ten males or six females of the following strains: D. simulans 
W' (sim A), D. simulans y w (sim B). D. maurifiuna (maur). D. rrecta (erecta). D. Irissuri (teis). and D 
yakuba (yakuba). This DNA was digested with Cfol. electrophoresed in a I .4% agarose gel, blotted 
and hybridized with XDm2LI DNA probe. T h e  hybridi7ation and washing were performed at lower 
stringency (35% formamide/4XSSPE/I % Sarkosyl a t  42"). Ethidium bromide staining of the original 
gel showed that all lanes contain comparable amounts of DNA. 

DNA in the lane. Because these hybrid flies are  heterozygous for the D. me- 
lanogaster autosomes, the lack of hybridiiation shows that the autosomes have 
no  DNA fragments homologous to 2L1.1 when analyzed at  high stringency. 
Therefore, all of the fragments hybridizing with 2L l . l  in the simulans X /  
melanogaster Y DNA must come from the Y chromosome. Also, any fragments 
seen in D. melanogaster female DNA must come from the X chromosome. Thus,  
Figure 14 shows that 800-bp Cfol fragments homologous to 2Ll . l  are  found 
only on the Y chromosome. T h e  950-bp CfoI fragments are  found mainly on 
the X chromosome, but there a re  also some fragments of about this size on 
the Y. T h e  Y contains 1 100-bp CfoI fragments homologous to 2L1.1, and 
longer exposures show that the X contains some fragments of this size. T h e  
1150-bp CfoI fragments a re  found on the X and on RFYy+, but few or none of 
these fragments a re  on the Can ton4  Y. T h e  1250-bp fragments plus a number 
of higher molecular weight fragments a re  found only on the Y chromosome. 

It is intriguing that the 1150-bp CfoI fragments a re  found on BrYy+ but not 
on the Canton-S Y. Figure 14 shows that these 1150-bp fragments are  present 



DROSOPHILA SPERMATOGENESIS GENE 

0 0  

627 

1150 bp- 
950 bp- 
800 bp- 

.. 

PROBE: 2 L l . l  
FIGURE 14.-2LI. I-homologous Cfol fragments in melanogaster-simulanr hybrid flies. D N A  was 

isolated from six males or four females of the indicated genotypes. T h e  y w f/BsYy* males and y w f  
females a re  D. melanogarter; the other four types of flies a re  melanogastar-simulans hybrid males. T h e  
crosses used to generate hybrid flies a re  described in MATERIALS AND METHODS. Sim X is the D. 
simulans y w X chromosome, me1 Y is the Canton-S wild-type Y chromosome; G 2 4  and W-27 refer 
to the T(xh, Y) ' sd iapmmed  in Figure 8. Fach sampleof DNA wasdigested with Cfol, electrophoresed 
in a 1.4% agarose gel. blotted and hybridized with 2L1 . I  probe. Because the hybrid flies were reared 
at 18" rather than 23".  they were bigger than the D. melanogacter flies and yielded substantially 
greater amounts of DNA. Thus, it is misleading to try to draw conclusions based upon differences in 
intensity of labeling. T h e  sizes of fragments a re  taken from Figure 1 I .  

in DNA from simulans X/W27 TX" flies. Therefore, these fragments map 
between the G24 and W24 breakpoints (see Figure 8). T h e  long arm of @Yy+ 
is capped with X chromosome material that contains the BS marker. I t  is 
possible that the 1150-bp fragments a re  found in this Xderived chromatin. 
This would require that the G24 breakpoint be also in X material, distal to the 
1 150-bp fragments but proximal to B". 

DISCUSSION 

LOVETT (1983) isolated and studied XDm2Ll because it was a recombinant 
DNA phage homologous to testis poly A+ RNA. T h e  RNA homologous to 
XDm2LI will be referred to as 2L1 RNA. LOVETT established a number of 
facts about this 2L1 RNA. In a survey of different tissues, she found 2L1 
RNA only in testes, suggesting that the transcript is spermatogenesis specific. 
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Second, she estimated that 2L1 RNA is 30-70 times more abundant in XO 
testes than XY testes. Third, using hybrid selection followed by in vitro trans- 
lation, she found that 2L1 RNA is a message for a 17,000-dalton polypeptide. 
This 17,000-dalton polypeptide is much more abundant in XO testes than XY 
testes. Fourth, she found a correlation between high levels of 2L1 RNA and 
the appearance of crystals in the spermatocytes of Y-deficient males. Finally, 
by in situ hybridization to polytene chromosomes, she mapped the 2L1 se- 
quence to bands 12F1-2 on the X chromosome which is where the Stellate 
locus maps genetically. The Stellate locus determines whether star-shaped or 
needle-shaped crystals are seen in the spermatocytes of XO males. 

The results reported here extend LOVETT'S studies by showing how and 
where the 2L1 sequence is organized in the Drosophila genome. The first 
point is that the 2L1 sequence is organized into tandem repeats. In XDm2Ll 
there is a 1250-bp sequence repeated tandemly at least eight times. The RNA 
blot in Figure 4 shows that the 2L1 RNA identified by LOVETT is homologous 
to the tandem repeat and not some other sequence that might be part of the 
XDm2Ll insert. From now on, the 1250-bp tandem repeat unit will be re- 
ferred to as the 2L1 sequence. The DNA blots in Figures 6, 7, 9-12 and 14 
provide information about how the 2L1 sequence is organized in the D. me- 
lunoguster genome. Analysis of CfoI digests of male and female DNA show that 
there are three major classes of fragments homologous to the 2L1 sequence, 
namely, 1150-, 950- and 800-bp fragments. The 1150- and 950-bp CfoI frag- 
ments are found on the X chromosome. This is established by two facts. First, 
these two types of fragments are found in female DNA. Second, Figure 14 
shows that the autosomes contain no fragments homologous to the 2L1 se- 
quence. The in situ hybridization results of LOVETT (1983) would suggest that 
most, if not all, of the 1150- and 950-bp CfoI fragments on the X chromosome 
are located in bands 12F1-2. It is possible, however, that some of these 2L1- 
homologous fragments are located in X heterochromatin that is underrepli- 
cated in salivary gland chromosomes. The 800-bp CfoI fragments are found 
only in male DNA indicating that these fragments are on the Y chromosome. 
LOVETT would have missed any Y homology in her in situ hybridization ex- 
periments because she analyzed only gt'/gt*-" female larvae. Thus, the 2Ll 
sequence is homologous to 1150- and 950-bp CfoI fragments on the X chro- 
mosome and 800-bp fragments on the Y chromosome. There also are a number 
of minor 2L1-homologous fragments that we will not attempt to analyze. 

In addition to three different size classes, the 2L1 sequence also varies with 
respect to its repetition frequency on the X chromosome. As shown in Figure 
11, we have identified three types of X chromosomes. The g 2  Ste+ sd f chro- 
mosome has no 950-bp CfoI fragments homologous to the 2L1 sequence, but 
1150-bp CfoI fragments are present. The y w f and Cranston X chromosomes 
have 950 bp CfoI fragments at low copy number; and the y w Ste and Oregon- 
R X chromosomes have them at high copy number. Figure 7 shows that high 
copy number corresponds to approximately 200 copies per X chromosome. 
Based on these five examples, there is a correlation between repetition fre- 
quency of the 2L1 sequence and the type of crystal seen in the spermatocytes 
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of XO males. The low copy number X chromosomes (g' Ste+ sd f, y w f, and 
Cranston) have needle-shaped crystals as XO males; the high copy number X 
chromosomes 01 w Ste and Oregon-R) have star-shaped crystals. Thus, it seems 
that the Ste+ allele corresponds to low copy number of the 2Ll sequence, and 
Ste allele corresponds to high copy number. This explains why Ste is dominant 
to Ste+.  The correlation between crystal morphology and copy number sup- 
ports the notion that the 2L1 sequence is the Stellate gene. 

Returning to the Y-specific 800-bp CfoI fragments homologous to the 2L1 
sequence, Figures 9 and 10 show that these fragments map to a particular 
region of the Y chromosome. The 2L1-homologous fragments map just prox- 
imal to kl-2 to a region designated hll-h13 by GATTI and PIMPINELLI (1983). 
What is striking is that this is precisely the region of the Y that is implicated 
in the control of the Stellate gene on the X (HARDY et al. 1984). Figures 9 
and 10 show how the Y breakpoint of the translocations W27, P7, E l  and E15 
are situated with respect to the 800-bp CfoI 2L1-homologous fragments. The 
W27 breakpoint is distal to the 800-bp CfoI fragments, and the E15 breakpoint 
is proximal. P7 and E l  are broken within the array of 800-bp CfoI fragments. 
The order of breakpoints, distal to proximal, is W27, P7, E l  and E15. Based 
upon the appearance of crystals in spermatocytes and meiotic behavior, HARDY 
et al. (1984) infer exactly the same order of breakpoints. The order is con- 
firmed cytologically (KENNISON 198 1; GATTI and PIMPINELLI 1983). Thus, the 
simplest explanation is that the 2L1 sequence on the Y is somehow directly 
involved in the suppression of crystals. In other words, when the 2L1-homol- 
ogous fragments are deleted from the Y chromosomes, crystals are formed in 
the spermatocytes. Of course, it is also possible that some other control se- 
quence or sequences are interspersed with the 2L1 sequences in the same 
region of the Y chromosome. 

The results presented by LOVETT (1983), HARDY et al. (1984) and in the 
present paper can be used to generate a model that explains the relation 
between the 2L1 sequence, the Stellate gene and the appearance of crystals in 
spermatocytes. The first assumption is that the 2L1 sequence corresponds to 
the Stellate gene. The correlation between high levels of 2L1 RNA and ap- 
pearance of crystals, the presence of 2Ll sequence at bands 12F1-2 on the X 
chromosome and the correlation between low and high copy number of 2L1 
sequence and Ste+ and Ste alleles all support this assumption. The next as- 
sumption is that the 17,000-dalton polypeptide coded by 2L1 RNA is the main 
component of the crystals seen in the spermatocytes of XO males. The first 
point of the model is that appearance of crystals is the direct result of over- 
production of Stellate ( i . e . ,  2L1) RNA. Increased levels of Stellate RNA lead 
to increased synthesis of 17,000-dalton Stellate polypeptide until there is so 
much Stellate polypeptide in the cell that it forms crystals. The overproduction 
of Stellate RNA could be caused by either increased or prolonged transcription 
or reduced turnover. The appearance of needle-shaped or star-shaped crystals 
might be due to varying concentrations of Stellate protein. In cells with low 
copy number of Stellate gene (S te+) ,  the concentration of Stellate protein might 
be such that crystals grow from a single point per cell. When high copy number 
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is present (Ste) ,  the local concentration of Stellate protein might be increased 
so that crystals grow from multiple points per cell. These multiple small crystals 
aggregate to resemble a star. This hypothesis provides a rationale for how 
differences in gene copy number can lead to different crystal morphologies. 

T o  explain how the Y chromosome is involved in the formation of crystals, 
the model becomes even more speculative. The present results demonstrate 
that there are multiple copies of the presumed Stellate gene on both the X 
and Y chromosomes. Crystals are seen in spermatocytes only when most or all 
of the Stellate genes on the Y have been deleted. Therefore, we postulate that 
the Y copies of the Stellate gene somehow regulate not only their own activity 
but the activity of the X copies as well. Thus, when the Y copies of Stellate 
are removed, transcription of the X copies is uncontrolled leading to overpro- 
duction of Stellate RNA and the formation of crystals. There seems to be a 
quantitative aspect to this regulation because the genetic results of HARDY et 
al. (1984) provide evidence for competition between X and Y copies of the 
Stellate gene. For example, consider the p P 7 / F E l  deficiency that deletes 
perhaps one-half to three-quarters of the Stellate genes on the Y (see Figure 
10). In the presence of low copy number of Stellate genes on the X (Ste'), no 
crystals are seen in the spermatocytes of p P 7 / F E l  deficiency males. When 
copy number is increased by replacing the Ste+ allele with Ste, a few crystals 
are observed in males carrying the same P7-El deficiency. The production of 
meiotic exceptions in P7-El deficiency males when Ste, but not Ste+, is present 
also shows the antagonistic effects caused by increased Stellate gene dosage on 
the X (see Tables 2 and 3 in HARDY et al. 1984). The simplest hypothesis is 
that a Stellate gene product, either RNA or protein, produced by the Y copies 
can repress transcription of Stellate genes on both the X and Y. Of course, 
there is no evidence that transcription is directly affected, and there are most 
probably other components involved in the regulation. Still, direct involvement 
of a Y Stellate gene product in repression is the simplest way to explain the 
regulation of X-Stellate genes and the competition observed between X and Y 
copies of the Stellate gene. 

The possibility that a Y Stellate gene product may be involved in repression 
of Stellate genes on both the X and Y is certainly intriguing. Another, perhaps 
more important, question is whether a Stellate gene product is required during 
spermatogenesis. The results of HARDY et al. (1984) suggest that the Y copies 
of the Stellate gene are required for proper meiosis and perhaps for proper 
mitochondrial distribution. A deficiency such as p P 7 / y E 1 5  deletes almost all 
copies of the Stellate gene on the Y. When Ste+ (low copy number) is present 
on the X, the P7-EI5 deficiency males show reduced fertility and produce 
large numbers of meiotic exceptions. When Ste (high copy number) is present, 
the deficiency males are sterile. At face value, these observations define a new 
fertility factor in the P7-EI5 region that somehow affects meiosis. 

The distribution of the Stellate sequence in closely related species raises 
doubts about whether a Stellate gene product is required during spermato- 
genesis. The Stellate sequence is present at reduced copy number and only on 
the Y in D. simulans and D. mauritiana; the sequence is apparently not present 
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at all in D. erecta, D. teissieri and D. yakuba. This lack of conservation may 
mean that the Stellate gene serves no function or that it performs a function 
missing in D. erecta, D. teissieri and D. yakuba. Alternatively, these three species 
may contain a different sequence that provides an analogous function. The 
species distribution of the Stellate sequence is similar to that observed for a 
number of Drosophila mobile genetic elements (SPRALDING and RUBIN 198 1; 
MESELSON et al. 1980; YOUNG and SCHWARTZ 1981; PIERCE and LUCCHESI 
1981; TCHURIKOV et al. 1981). A popular speculation is that mobile genetic 
elements are parasitic or selfish DNA, meaning that their only “function” is to 
engineer their own propagation (DOOLITTLE and SAPIENZA 1980; ORGEL and 
CRICK 1980). This raises the possibility that the Stellate sequence has no func- 
tion during spermatogenesis and is yet another form of selfish DNA. If this is 
true, then the meiotic effects discussed earlier need to be explained. Perhaps, 
the presence of crystals mechanically disrupts the distribution of both chro- 
mosomes and mitochondria. This might explain why the large autosomes and 
sex chromosomes are affected, but the small fourth chromosomes disjoin reg- 
ularly. It does not explain the occurrence of meiotic exceptions in spermato- 
cytes where crystals are not visible (see HARDY et al. 1984). Another possibility 
is that synthesis of the Stellate protein saturates the translation machinery so 
that critical proteins are not made in sufficient quantities to effect proper 
meiosis and sperm formation. 

There are striking similarities between the Stellate sequence and the a@- 
element found at the heat shock locus 87C1. The a@-element is a 1.5-kb 
sequence tandemly repeated at 87C1 that is transcribed in response to heat 
shock (LIS, PRESTRIDGE and Hogness 1978). Homology to the @element is 
also found in heterochromatin and at a few euchromatic sites, but these copies 
of a@ are not transcribed (LIS, ISH-HOROWICZ and PINCHIN 1981). In D. si- 
mulans, the a@-sequence is present in much reduced copy number and is found 
only in heterochromatin (LIVAK et al. 1978; BROWN and ISH-HOROWICZ 1981). 
The a@-transcript has no apparent function. Deletion of the @-elements from 
87C1 does not seem to affect viability, fertility or the heat shock response 
(ISH-HOROWICZ, HOLDEN and GEHRING 1977; GAUSZ et al. 1979; ASHBURNER 
and BONNER 1979; ISH-HOROWICZ and PINCHIN 1980). Thus, Stellate and ap 
are similar in that both are present in tandem arrays. Most probably, both 
sequences were amplified and translocated to euchromatic sites after D. melan- 
ogaster diverged from D. simulans. Apparently, both sequences can be tran- 
scribed at a very high rate, a@ from a heat shock promoter and Stellate from 
a promoter active during spermatogenesis. One difference is that the Stellate 
sequence codes for a protein, but attempts to identify an a@-protein have been 
unsuccessful (ISH-HOROWICZ, HOLDEN and GEHRING 1977; LIVAK et al. 1978). 
In fact, partial sequencing of ap shows no long reading frames (HACKETT and 
LIS 1981). The similarities prompt the speculation that there might be a com- 
mon mechanism involved in the generation of both the Stellate and a@ tandem 
arrays. Another speculation is that Stellate and ap represent a class of selfish 
DNA that exist in tandem, rather than dispersed, arrays. 

Analysis of the sequence organization of XDm2L1 has uncovered a complex 
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relationship involving the Stellate locus on the X, the Stellate control region 
on the Y,  crystal formation, possible transcriptional regulation and effects on 
meiosis. The results presented here and by LOVETT (1983) strongly suggest 
that the tandem repeat sequence in XDm2Ll contains the Stellate gene. There 
are a number of points that make this Stellate gene both interesting and 
puzzling. First, the Stellate gene is expressed in the testis and not in a number 
of other tissues. Thus, analysis of the Stellate gene and its promoter might 
help elucidate how genes are transcriptionally regulated during the develop- 
mental process of spermatogenesis. Second, copies of the Stellate gene exist 
on both the X and Y chromosomes. Except for a few restriction site differences, 
it is not known how similar the X and Y genes are or whether they code for 
exactly the same gene product. There is suggestive evidence that the copies 
on the Y regulate the transcription of the X-linked copies. Third, deletion of 
the Stellate genes on the Y affects meiosis and fertility, suggesting that at least 
some copies of the Stellate gene provide a necessary function during sperma- 
togenesis. On the other hand, the species distribution of this sequence suggests 
that the Stellate gene is not required. Finally, the evolutionarily rapid intro- 
duction, amplification and translocation of the Stellate sequence might reflect 
some general mechanism for generating tandem arrays and might be related 
to the behavior of other repeated genetic elements. 
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